
TOI’ItX/Poseidon

AAS 93-573

Operational Orbit Dctmnination Results
Llsing Global Positioning

Joseph R. (;uinnl

l’c(er  J. Wolm

Satdlitcs

Results of opeItitioIIal  orbit determination, perfcmmd  as part of the
“1’OP1lX/Poseidon  (’1’/1’) Global  Positimillg  Satellite (G] ’S)
dclnonstraticm  experiment, are prc.se.nte.d in this pqmr.  llle]rrcnts  of
this CX])CriIIICHt  iIICIUdC.  (hC ~]’s Nltd]ite  CoIlstC]]~tiC)n,  ~J~’s

Demonstration Rcccive.r  on. board ‘] ’/1], six ~roun~i  G}% receivers,
the Cil)S  Data IImdling  l~acility  and the GPS Data Processing
l:acility  (GI>PF). Carrim  p}lasc and P-cocle.  p s e u d o  range,
n~e.asurememts  froln up to 2S CIPS satellites to the seven G1’S
reccivcrs  am p] omsscd  simultancousl  y with (Iw C~l>PIi  sofl wtirc
MIRAGE to proclucc  orbit Scdt]tiol]s  of ’17P and the GPS satellites.
IIaily  solutions yield sub-ctccilnctcr  radial :iccurticies con~pared  to
otkr CIPS, 1.AS1lR  and 1)01<1S jnmisicrn orbit solutions.

1N’1’ROI)1JC’1’1ON

“1’hc Global Positioning Satdlitc (61’S) II:ita I’rocessillg  l~ae.ility  ((3111’1;)  was
developed to demonstrate operational orbit detmnination  and navigation support for
“1”~11’F.Xfl’ose.i(loll.  01 bit SC)luti[M’)S  al c based on data collect e41 by tlIc GPS IMnonslrat  ion
Receiver (GPSDR),  on-bcxwd “1’0}’ljX/J ‘oscidon,  and six gt-ound stfitions. in addition, the
GD1’I;  is immdccl to evolve into a NASA rcsoutce for future low 1 hr[h o] biting  missions
undm the. Office of Space Colllr]]l]l]icnti(>]ls.

An updated softwmc  set, based on I}IC, J]’], institutional O~bit  IIctmnination  PI-o~ImI
(OIX’), was clcatcd and named “MII<AGI{.” It stands for: Multiple Intcrfcmmctric
Ranging Analysis using G]% linscmb]c.  MII<AGI;  maintains the complctc interplanetary
capabi]it y of the 011P software wit l] the additional multi-satellite ant] prcci sion mode. ]ling
—_, __... ..+—
‘Member of Tcchnkal  SttIff and Mel]lber  AIAA at the. Jet l’[o]mlsiwl  1,ahalcM’y,  Glifornia lrrstitutc. of
TcdIIioIogy,  4W)0  O:Ik Grove L)rivc.  P{LMCICIIEI,  C:lliforlli:l 9] ]09, (8 1 !3) 3.54-0425

*Mcrnbcr  of ‘I”cchuk:il Staff at Ihc Jet Propulsion 1.atwatory,  Califm]ia  lr]slitum of ~’rxhnology, 4800 Oak
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features required for sub-decimeter orbit determination. “I”hc scope of the GIIPI;  includes:
preprocessing observations, Performing orbil detel’:ilinatioJl,  producing predicted (H’S
and ‘l”OPl;X/Poseidon s:itclli(ealr~~arl:ics  for mission opcmtions,  and ardiivingmw and
pIcxxsscd data. l:igure 1. shows tlIc intc~fams  of the G] )1’1;.

OIIS]{;RVA’]’]ON” P]tF;-l’l?OCICSSI N(;

I)aily TOH!X  flight receiver raw data arc collcxtcd from the ‘1’OPI{X (irounci S ystcm
within 24 hours of the last observation. ‘l”he raw data consists of carrier phase every
se.conct and P-Code psc.udormge every 10 seconds. in acidition, the GPSI>R on-board
navigation solution (i.e., clock,  position ant] velocity) arc providcci every 10 seconds.

Automated reformatting and outlier and cycle slip editiug  is performed first. Next,
the. data are decimated to five. minute intervals and a time tag cxme.  ction,  based on a linear fit
to the navigation clock solution, is applied. I;inal]y,  limxir colnbinations  of the
pscudorangc  (Pl and P?) and carrier phase (l.] and 12) dual frequency ~~~~:~s~lr~ll~cllls  arc
computccl  to produce ionosphere calibrations. ‘1’hcse arc applid  tc) tk raw ]’1 and ].1
observations to pro(iucc  the or-bit (ictcrmination  obscJ vab]cs ]’c arl(i ] .~.

‘I”hc ground G1’S receiver obscrv:itiol)s  arc avai]ablc f] cm the GPS ]Xtta ] ]amiling
I;acility about 35 hours after the last data were collccK24i.  Hoth the carrier phase an(i
psue4iorm~gc  are, provi(ied in RINI{XI fomiat at 30 second sanqdes. “l’he san~e e4iiti11g and
calibration stc.ps  are pcrfon md as dc.scribcci above for tllc C1l>SI  JR. 1 n a(idit  ion to tt Ic six
core ground sites, data from nine backup sites ale also collcctc4i  anti processcxi. I’hc
plimar-y and backup gtounct station locations arc shc)wn in l;igum  2.

l;or MI I< ACiIl orbit cictcrmination  processing, a merged file of edited 61’S1 IR atici
groun(i mmivcr  data is crcatcd in stancimi Ml i{AG13  fol-Inat. ‘1’wo additicmal text files, in
Ri NI {X format, arc pr-o(iucc(i  for export. Onc is the law GPSI>R data while the otilcr is the
edited, calibrated and comprcsseci  GI’SI)R ~~~e:istlrcll~cr~ts. All files arc mhivcd along with
data collection anti prc-processing statistics.
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‘l”hirty hour data sets are constructed flom the prc-proccssec]  c)bscrvations  tc) ]mduce

a 2.4 hour orbit solu[ion.  I“hc additional data is fit to allow for internal consistcmy  checks
of the daily overlaps. Glc)bal GPS constc.llation  covcriige is realized by selecting a
minimum of six ground station GPS mccivcr sites. A(iditional  sites arc sclcctcd  to fill gaps

during primary site outages.

Orbit dctmmination  using MI I{AGI [ ccmsists of three major steps. ltcratiorl  through
each step is performed until convcrgcrlcc  c)f the state solutions and observation residuals is
achieved. “1’hc three steps are:

.* ‘1 ‘mjcctory  PJopagat i on
● Observation Pmeessing
● 1 ~iltering and Smoothing



Trajectory I’ropagcrtion  - ‘1”0 ac]licve sub-ciccimeter  accuracies scvm-al  dynamic

force models arc required, I’ab]es 1 and 2.. sumi)arizc  the force models used in the.
numerical integration of t}le “J”OP}  iX/1’cmidon  and H% satellite tmjectorics.  Reference
frame, force, and memurcmcnt model pamne.ters are b:ised on ‘1’01’1 iX/Poseidon and
lntcmational  Earl]) Rotation Service (IIRS) stauciaT-ds2-3.

MLQx.kk
N-kdy:

1 ;ard~ Geqotcntial:
Indirect Earth-Moon Oblatcness:
Solid Eath Tides:
Ocean Tides:
Rotational IIcformation:
Relativity:
Solar Radiaticm Pressure:
Atmospheric Drttg:
Albcdo anti lnfrarcd liarth  Radiat  icm:
IImpirical Accelerations:

L?_!2xIh.Jm!m
All Planets, Sun, Moon
50x50 truncated JGM-2.
2x2 1.unar MCKH
11{1<s
JGM-2.
11’RS
l’oint Mass limb -I 1,ense-”1’hirling
Conical Shadow Model
I Y1’M Mocicl
Z]c] I ]cgrce y~)~i:ll Mod~l
Once/Rcv a]lci “1’wice./Rev  Models

Table 2, - Dynamic Force Mode IS for (;1’S ~atcllit~

MYd.!L
N-Ilody:
Eartil Ck43potential:
Indirect Earth-Moon Oblatcness:
Soiid Eath l“idcs:
Ocean ‘l”ides:
Rotational Deformation:
Relativity:
Soiar Radiation Pressure:

~)Q~~i~fiQI~

All I’laticts, Sun, Moon
1 2X12 tl llncatc(i  JGM-2r
2x2 1,un[tr Mc)cicl
11;1<s
JGM-?
11’RS
Point Mass Pk-th + l..cnsc-rl”hirring
Rock4  alici Rock42  Mocicls

obscrwtion  Processing - Both  carrim pimsc and P-Code pseudo-range arc
processed, “l’able 3. lists the mcasurmncwt mcxicis uscci fc)r ])1 ociucin~  observation
residuals. Again, these  mocicls arc adopted bascci largely C)J) 1111<S  stanciarcis.



Tal)k 3 - Measurcnmt Mdcls.—..-_kL— _._ . . . .._ —..-.-.—.-  . . ..———.——————

MM!.; ~).~ r~f~r;
Solid Ruth Tides: Oth, 1 st and 2nd order Corrections
Rotational Deformation (1’ole  ‘I”ide.): 11{1{s
ocean  Imading: II~RS
Polar Motion: UTCSR+
Plate Motion: I ,irif.xr  Vcloeitid

Uarth Center of Mass Offset: Currently ?mo

I“iltcrirlg  and  Smoot?ting  - The filter and smoother gcnemte corm.ctiolls to the
parameters affecting the trajectory propagation arid the obscrwit ion processing. MI RAG] 1
employs a numerically stable square rc)ot  information film- which has the capability to
compute. the slimolhed cst irnate.s oft imc valyi  ng stochastic parammrs. Our 01 bit
detmmination  strategy employed a fiducial concept whine three ground receivers which
were assutncd  to have well knowl] coordinates ale held fixed while the film estimates the
positions of t}wcc  non-fiducial ,fyc)unc]  stations in acklition  to the states of tlm GI’S satellites
and TOPEX/Poseidon. “l-he filtering strategy consisted of a two stage process -- dynamic
tracking followed by reduced d yt)amic tracking. 1 n dynamic t recking t hc. accumcy oft he
01 bit is limited by the precision of 11M2  clyt~alnic  nmdds  n])plicd during tl djcctory
propagation, In reduced dynamic tracking, the }Iigh quality geometric infcmmation provided
by the GPS mcasurcmemt  systc.m is ut ilimd to obtain t high ]mxision “1’OP]{X/Poseidon
triijeztory. l{ssentially,  reduced dyl)amic  tracking exploits the extreme precision c)f cankr
phase tracking by using it to smooth the gconwtric  sol[]tions obtained flon] the less precise
pseudo-range n~casurcmcnts.  Although  the success of the ruiuccd  dynamic tcchniquc  is
contin~cnt  on hi@ precision modc]illg C)f th~  ~J]’s d)s~l”v(ltiol)s,  k {lCCUlilCy of the
resultant trajectories arc nc)t dcgmdcd  by dcficicncics  in the a ]miori dynamical models.

Data Weighting - ‘I”hc nicasu~mncnt  precision expcctcd f[om ttlc G1’SIJR a[]d g! cmnd
station observations was detcnnincd from glound  test prior to laLInch. IIata weights
consistent with these analyses arc applic41  duling filtering arc shown in ‘l”able  4.

Ul}lc 4.- GPS Olmrv&ion  Weights

Datir, ‘]’,,m (;1’s1)1< LiHM.u~.n
Carl-icr  Pl]asc 2. clil 1 cm
Pseudo-Range 2 m 1 Ill

- ———.  . ———— . . . . ..—. .— -----

~ l)aily rzpici scvicc scmlkms  l“rolll LJr]ivcrsi[y  of “1’cxas



Stochastic Clock FMimaticm  - “1’o eliminate synchronization errors due to unstable
oscillators, clock biases at the rmcivcrs  ami C)I’S transmitters  arc estimated at c.ach
mcirsuremmt time, In the filter, one ground clock is chosen as a reference and a stochastic
clc~k  bias is estimated at each of the other reccivcrs and CiPS transmitters. A white noise
stochastic process is c~np]oyed  with a batch lct~g[h cc)inciding with the mcasLmmmnt
intervals and the estimated srnoothcc]  clock biases are fed back to the observation
processing module. As with standard double differcncirlg  tcchniqucs,  the stcxhastic  clock
cstinmtion  strategy eliminates common clock errors bLlt the stochastic methcd avoids both
the difftcLdties of selecting a set of non-reduriclant  double difference combinations and the
data noise correlations inherent in cliffcremccd  mcasLmm~ents.

Stochastic Phase Bias IZstimaticm - ContinuoLrsly  tracked GM carrier phase. precisely
measures the relative rm~gc change M wccn a G]% tmnsmittcr and its reccivcr.  1 lowewcr,
the carrier phase is ambiguous whic]l necessitates the estil nat icm of a constant phase bias
for each ccmtinuous  pass between a tmnsmittcr ant] a rcceivcr.  in the filter, each phase  bias
is estimated as a white noise stochastic paramc.tcr  which remains constant over a pass. At
tracking discontinuities,  the filter a])p]ics  a white noise stcxhastic  ul)ciatc  for- the bias
pammctcr corresponding to an individual tm~smitter/receiver pair. ~’hc smoother gcncratcs
a time profile of phase bias corrections which am app]iccl during  subsequent observation
pmec,ssing. “l”his  stochastic phase bias estimation st[-atcgy is cfficicnt  in terms of
conlpLltation  time and mclnory  requirements bLlt it dots not attem])t to rcso]vc t]jc intcge.r
nature of the phase biases.

Stochastic lktimation  of “1’ropos])heric  I ‘Iuct uations  - “1’}lc  mcdcl  for troposphere delay
is decomposed into a wet and dry component.

whe]”c P, is the zenith delay and R is a mapping function which maps the mnith delay
to the line of site at elevation O. ‘1’he fluctLmtions  ill the wet zenith ciclay were modeled as a

stochastic random walk. “I”hc wet zcnid 1 delay was estimate.d at 5 mi nutc intervals
(coincident with the mcasurcmcnt interval) using an a priori sigtna of 5 cm and an cffcctivc
batch-to-batch sigma of 3 mm for the noise driving the random walk process. As with the
phase and clock biases, the smoothed [imc profile of the stochastic flL1c(L1ations  were fed
back into the observation processing module. on subsequent iterations of the orbit
determination program.



Reduced Dynamic ‘l”racking - “1’he MIRAGE  filter execute.s the reduced dynamic
tracking strategy  by modeling the three-dil~~cl~sior~al accelerations on TOPEX/Poseidon as
Cxf]oncntial]y time  COTTekd stochastic JJmcesses. “l-hc relative weighting of the dynamics
and geomc.try may be adjusted by varying the tinlc constant and the magnitLlclc  of the.
process noise uncertainty. A ]argc time constant corresponds to a dynamic strate,gy  while a
short tilm constant emphasizes the geometry.  in the orbit determinant ion for
‘1’OPllX/Poseidon  the three accelemtions  were updated at five minute intervals; the time

constant was 15 minutes with a corl csponcling  b:itch-to-batch  sigma of 7 x 10’9  m/s2 for

the radial acceleration and 14 x 10-9 n@ for the spacecraft X and Y accelerations. “l’his
choice of filter parameters allowed deficiencies in the ~~or~-gravitatior~al  force models to be
compensated by the stochastic acceles atiolls; however, emough c1 ynamical  information is
retained so that temporary dcgradat  ion of the viewing  ge.omct  ry would not smicms] y reduce
the accuracy of the output trajcctorys-7.

~lJlc 5, - ICst imatcd T’~ramctcr~

]D~.rrmcfer(sj Nlu!@x_QL l!itrmlwmi
‘1’CWIIX  State 6
GPS States (20 Satellites Average) 120
Station 1 .mations  (3 Stations) g

(WS Solar Pressure Scale. liactors and Y-13ias 6(I
Ihnpirical  ]Iynamic g

Stoclmstics:  (30 hour tms with 5 minute updates)
“1’r-oposphere. 6
“l”OPEX  and Ground (locks (1 mastc.r  clock fixed) 26
CMrier  I%asc  Bi:ises -130
Accclcrations (X,Y,X) 3

01{111’1” l)lH’ILI<MINA’I’ION  ACCURACY

Ucfcme launch, the Ml RAG]; software wtis inter-conq>arcd  with the GIX31>YN and
U’1’OPIA software. sets from the Goddard Space. Flight Center (GSFC) and t}~c  University
of Texas Center for Space F@x3arch (U’1’CSR) respectively. “l’he inter-comparison
valicktted  [ill  dynamic trajectory models  fc)r ‘1’01’1 {X/1’oscickm  tincl verified the laser rmgc
me:isurcmmt  models. I/or all cnsc.s,  includin~  the combined models case, the maximum
radial differences wtxc about om. cmtilnctm- or less for a 10-d;iy  orbit.

8



An additional irltcr-cor]~~>arisorl with dm I_J-l’CSR  GI’S  sc)f[ wale MS(3DP to vrilidatc
tlajcctory models for the GPS satel]itcs was performed. All but the occulting solru-
I adiation  pressure produced sub-cent irmte.r, 10-da y orbit comparisons. The solar radiat ion
plc.ssurc il~tcr-comparison  tests have been post~)oncd  due. to the expected release of
improved models.

After launch, the operational orbit detmnination  accuracies have stca(iily improved as
the pmcdures  an(i techniques have bec.n fine tuned. Accuracy comparisons are. broken
into three distinct processing phases. “l”hc dates and groundtrack  repeat cycles for each are:

J>~]/js}; ]>A-11  N ~YcI,ruS
I November 3, 1992 - I)ccembc.r 21, 1992 5-9
2 Dccembcr 22, 1992. - May 2, 1993 10-23
3 May 3, 1993 - July 16, 1993 24-30

Data prior to cycle five were not considered for this analysis due. to difficulties in the early
days of the G1’SDR plus the occurrence of several onti-spoofing  days. Phase 1 processing
was performed bcfom many of the intc,rll:~]  and e.xtm)al  consistency checks  (SCC below)
wcm used; thus, is not represcntat ivc of the achievable accumcies.  Phase 2 pmmsi  ng
used 24 }1OUI arcs with the ‘d ynalnic’  technique aug,mcnted with empirical once and t wicc
pcr rcvohtion  paranwtcrs. Phase 3 consists of 30 hour arcs with the additional ‘rtxiuced
dynamic’ tracking strategy.

Statistics collected for the G1’S carrier phase residuals (observations minus compute.d
values) alc presented in F’igure 3. “1’hcsc Ie,sidua]s are from I’hasc 2 anti 3 only. A marked
reduction in the rcsidua]s  is SCCJI WIK!I1  the ‘re4iL]ccd  dyr)aTnic’  tcchniquc  is cmp]oycci. All
gaps are due to 61% constellation anti -s]wofing  activity when no GPS1 >1< data were
avail nblc..

“1’OPEX/l’oscidon  orbit conlParisoI~s  have displayed sub-dccimctcr agree.mcnts in the
radial cotrrponemt  with one day (;l>S  PI ecision  Orbit llmrminat  ion (1’011) solutions and
orbits derivccl from Laser ant] I)ORIS data, l~igums  4 and 5. show the three dimensional
and radial RMS orbit diffcrencm during phasm 2 ant] 3. “J-hc MIRACW  ‘dynamic’
solutions arc compared with another ‘dynamic’ solution dctcrrnintx]  from laser data. “l”hc
laser solution is an approximately 10 day fit from GS1 ;C’s GI1OIIYN program. The basis
fcm the co~nparisons  in 1+’igLm 5 we the MI RAGI; ‘reduced dyliamic’  solutions. “I”hcy arc
comparecl  with another reduced dynamic solution from t hc CJI’S (i 1 I’SY-OAS1 S software.
th:it  iS pal-t  of th~ GI’S lk[]~ollstritti~n  1 {xpcrimcnt 1’01) scgt)lcl)t.
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~ifwre 4. - MIRAGE GPS ~vnamic  Ot- hit cOmt) aris~n~
GPS  VS LASER (NASA POE)
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I) RECESSING AUTOMA’I’10N ANI) ERROR CIIICCKING

One goal of the GEIP1~ was to automate as much of the processing as possible.
Beginning with the data collection through the delivery  of final products, each aspe.et  of tlie
processing was examined and automated by means of standard LJnix scripts and X-
Window interfaces to the sczipts. l]ashe,ci lil]cs in Figure 1. demote automatic procedures
that do not require human intervention. lJser  inputs changing  from day to day such as the
date, duration, and transmitting ant] receiving participants arc controlled via a graphical X-
windows interface which clin~inatc.s  user inpul  errors and ensures operational consistency.
1 kl’or mail message.s are generated to alert operators of malfunctions in the automated non-
intcmelive scripts.

OIW-NOMINA1, ~’OI’l(X/l]OSItlI) ON” AT’I’JTUDIl MOI)IIH,I,lNG

Robust ploeessing of off-nominal “I’OI’l  IX/l’oseidon  satellite at[itucle  events is
available in two ways. First, [hc actual attitude e.vent change times (e.g., fixccl  to
sinusoidal yaw steering event) are designed as user inputs. Secondly, the trttjcctory
processing call  llse the attitude qLl:ltcrnions  from telemetry. So far, all attitucle events,
cxccpt orbit maintenance mane, uve.rs, have bce.n accurately moctcllcd  with the user input
Ovcrriclcs.  ‘I”he actual tclemctr  y was on] y rec]uirc4i fort hc maneuver.

I.ASER ANI) DORIS l) A”I’A ‘J’YPNS

III acldition  to the GPS P-cocic pseudo-range and C[llliCI”  phase observab]es, the
MIRAGE software can proecss  Satellite I.ase,r  Ral~~e  (S1 ,1<) and Doppler Orbitography  and
Ractiopositioning  Integrated by Satellite (I) OR IS) ctata. S1 .R ancl DORIS data types were
incorporated to support “1’01’IiXfl’osciclc)~~  vcriflca{ion  activities. “!”hc S1 .1{ orbits arc used
routinely for the Interim Geophysical I)ata ReccMds  (IG1)R)  science product8.  Orbit file
formats are identical for all data types (i.e., PI~Il  ,E fcmnat);  thcre,fore., no interface changes
are required for lCJ1>R  processing with Mll<ACJli  CJPS orbits. A utility }las also been
dmdoped  as parl of the M1[<AGII  softwate to convcl-t  any MI RAGIl orbit file into the
Precision Orbit Ephemeris (POE) forlnat.

l’O1)l’:X/l’OSIIIl) ON” MISSION OPI(RA’1’IONS SIJI)lK)RT

A routine GDPF task is to produce G1’SI>R almanac predictions for initial acz]uisition
oper~tions.  Almanac data arc prc)ducc4i  twice weekly as a contingency for mpid GPSDR
fidilurc  recowxy, “]’he C]at a are cic]ivcl  cd to the Spacccraf( ] ‘cl-formance Anal ysis ‘1’C:iIli f(lr
reformatting and sL]bscqLlcI]t  uplit]lc  to the CJ}JSI)]<  by the IJ]ight Control ‘1’c:III].

13



GPS ANTI-SPOOFING ltlI:SIJl,’1’S

During GPS constellation anti-spoofing activities only CA-code pseudo-range and 1,1
cmier phase are available from the GPSI ]1<. however, an internal receiver calibration
provides for an ionosphere correction to t})c grouncl  receiver data. Sub-decimeter radial
cliffercnces  have been achieved for limited sets of data by producing an approximate
ionosphere calibration. “Ibis calibratiori  is derived by subtracting the CA-code carrier phase
from the pseudo-range and smoothing the resulting signal to remove multipath.  l-his yields
an ionosphere correction that can then be applied to both the CA-rode pscude-range and
carrier phase.

Required GDIT resources in terms of personnel, ccmputcr time and actual time to
jwoduce a one  day  solution are given in “l”able 5. Members of the opcmtional  orbit

determination team work on a five day/wc.c.k schedule. Weekend backlogs am worked off
during this schedule. “1’otals  given in Table 5. are for one team member pc.r workstation,
lior continued operation the GIIPF  will require a total of thtee  n~e~i~bcrs.  ‘1’he breakdown
of tasks for the GDPF team is shown in ‘l’able 6. With the automation developed thus far,
a single. person could easily handle the nominal production. ‘l-he remainder of the team
consists of backups, a lead, and sustaining hatclwate  maintenance personnel.

CONCI,US1ONS

operational orbit cletcrnjina(ion  }~as been demonstrated for “1’OPEX/Poseidon using
the GPS constellation (-20 satellites), the “l’Ol}}{Xfl’osci(lc)l)  demonstration rcccivcr, six
ground station receivers, the GPS l]ata J ]andlirlg  IJacility and the GPS Data Processing
Ijacilit y. Conl])arisons  between the MI RAG}{ orbit solutions and other precision orbit
solutions based on I.ASER, DORIS, and CJPS yield sub-decimmr radial results. lloth the
GPS dynamic and rcdLlced dynamic I-esults from MII<AGI1  appear to excecc] the original
performance rcquircrncnts  (-one meter rwlial position) and in fact give results comparable
to other geodetic quality software.
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~ablc 5, - GI)PF Processing J’crformance

Processing Phase CPIJ ‘1’ime (hr) Actual ‘I”ime (hr)

l>ata Pre-Processing*:
Collection 0.1 0.1
TOPEX/Poseidon  F,diting 1.3 1.4
Ground Station Fditing 0.4 0.5
Editing 0.1 0,1
Rcfom~atting ~ QAl

TOTAL: 2 . 0 2 . 2

Orbit l{stimation  (per iteration):
Initialization 0.1 0.2
Trajectory Propagation 0.3 0.3
Obse~-vation  Residual Computation ().5 0.5
Paramcm- Estimation 0.1 0.1
Stochastic Parameter Smoothing [1,. 1 Q.J-

3 lteraiion  TOTA1,: 3.3 3 . 6

Archive 0.1 0 . 2

TOTA1. 5 . 4 6 . 0

*Autonmtcd  processing perfosxi~cd prior to start c)f work clay.

IAXCI*:
%

Data Conditioning: &

Orbit IIelfmmination:
&

1 larciware  Maintenance:
$

-——. . .. ——.”-””------  —. .——.~~ ~—...  —,.
* 1 xad  will also assist and backup data conditioning and orbit dcte.rmination  functions
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